ABSTRACT
INTRODUCTION
Sideritis montana L. "mountain ironwort" is an annual herb, belonging to the family Labiatae (Lamiaceae) that includes about 100 species of Sideritis distributed mainly throughout the Mediterranean region. The plants are simple or branched from base, sparsely lanate and greenish. Sideritis spp. were supposed to have a healing power for wounds caused by iron (Bailey, 1976) .
It is widely used as herbal tea in Turkey as a folk remedy for several respiratory diseases It is used as diuretic, digestive, carminative , treats gastro-intestinal disorders with four rows in the open field, the distance between rows was 70cm apart and 25cm between plants. Plot area was 10.5 m 2 . The experimental soil was sandy loam in texture and the physical and chemical properties of the experimental soil was presented in Table (A). Soil physical properties were analyzed using the procedures described by Black et al., (1981) for particle size distribution and soil texture, while soil chemical analysis was measured according to the procedures described by Jackson (1973) . Soil physical properties were analyzed using the procedures described by Black et al. (1981) for particle size distribution and soil texture, while soil chemical analysis was measured according to the procedures described by Jackson (1973) .
The investigation included eleven nitrogen fertilization treatments: Control (untreated), 50, 75 and 100N unit/feddan from urea; 50, 75 and 100 N unit from compost; Azotobacter (1 kg /fed.); 50, 75 and 100 N unit from compost + Azotobacter (1 kg /fed.), with three sowing dates: 30 th of September, October and November. The characteristics of the compost are presented in Table (A) . followed the procedure of Black et al. (1981) . Soil and organic fertilizer samples were analyzed in the National Research Center Laboratories. Compost was mixed with the soil seven days before sowing. Rhizobacterin (Azotobacter chroococcum) produced by General Organization for Agriculture Equalization Fund (GOAEF) provided from Agriculture Microbiology Department, Agriculture Research Center (ARC), Egypt, was inoculated to the seed using aqueous solution of Arabic gum as an adhesive. The seeds were air dried in shade, as described by Barakat et al., (2004) .
The soil was mixed during its preparation with 25 P 2 O 5 unit/fed provided from calcium superphosphate (15.5% P 2 O 5 ) fertilizer; also 40 K 2 O unit/fed., from potassium sulphate (48% K 2 O) was added to plants at two equal doses at 30 and 60 days from sowing. Other routine agriculture practices, as watering, hoeing, weeding…etc, were made whenever necessary.
After sowing by 195, 180 and 170 days from the first, second and third sowing dates respectively, a random sample of five plants were chosen from each replicate estimating of the following parameters: Plant height (cm), number of branches/plant, herb fresh and dry weights (g/plant) . -Chemical analysis: -Plant pigments, total chlorophylls and carotenoids as (mg /g fresh weight) as described by A.O.A.C. (1995) . -Flavonoides (%) as mentioned by (Mabry et al., 1970) and (Zhuang et al., 1992) . -Total carbohydrates (%) in dried herb, was determined according to A.O.A.C. (1995) . -N, P and K (%) determination, in dried herb, using the methods of Hach et al., (1985) , Chapman and Pratt (1978) and Cottenie et al., (1982) , consecutively. -Essential oil production: -Essential oil (%) in fresh herb was estimated according to the Egyptian Pharmacopoeia (1984) . -Oil yield: in plant (ml/plant) was assessed. -Oil constituents: samples of control and 100 N unit compost from the three sowing date were subjected Mass spectrometry (GC/MS) analysis. Compounds of essential oil were identified by matching their retention times with those of the authentic samples injected under the same conditions. The relative percentage of each compound was calculated from the peak area of the peak corresponding to each compound. Data obtained were averaged and the means were subjected to standard analysis of variance procedure, and L.S.D. was determined whenever the calculated F values were significant (Snedecor and Cochran, 1980) .
RESULTS AND DISCUSSION

Vegetative growth
The results recorded in the two seasons (Tables, (1) (2) (3) (4) show that the different nitrogen sources had a considerable effect on the plant height, number of branches, as well as herb fresh and dry weights.
Among the different treatments, plants supplied with 100units N/fed urea gave the best results in terms of increasing plant height with mean values 74.33 and 76.99cm in the first and second seasons, respectively. Followed by the treatment of 100units N/fed compost plus Azotobacter with mean values 71.53 and 75.98cm in the first and second seasons, respectively. Plants received 100 units N/fed compost plus Azotobacter had a significantly stronger vegetative growth in both seasons (in terms of increasing number of branches per plant, herb fresh and dry weight) than control plants, or plants receiving any other treatment in most cases. The increment values over the control reached 42.05% and 61.49% for herb fresh weight in the first and second seasons, respectively, 37.30% and 51.06% for number of branches per plant in the first and second seasons, respectively and 19.72% and 38.15% for herb dry weight in the first and second seasons, respectively. This could be explained by the effect of nitrogen fixed by the Azotobacter strain combined with the availability of other elements caused by using compost, this may lead to promotion of cell division, photosynthetic processes resulting in promotion of vegetative growth. Similar promotion of vegetative growth as a result of compost and Azotobacter treatments has been reported by El-Khyat and Zaghloul, (1999 number of branches/plant which was 11.72 in the first season and 12.61 in the second one. The second sowing date produced heavy herb fresh weight (185.22 gm/plant) but was not the best in the first season and the greatest herb fresh weight in the second season (220.93 gm/plant) where as the results of herb dry weight proved that second sowing date was the best sowing date to have the greatest herb dry weight which was the form of marketing the Sideritis montana plants.
In this concern, Abd El-Bary et al., (1997) on some spinach hybrids, stated that sowing on December 10 th increased growth and fresh weight of the plants as compared to October and November sowing.
Regarding the interaction between the effect of nitrogen fertilizer and sowing date, the data presented in Tables (1-4) show that the control plants of the different sowing dates were short, had small number of branches/plant which in turn produced small amount of herb growth but the control plants sown on30 th September had the lower values.
Data shown in Tables (1-2) revealed that the interaction didn't significantly affect on the plant height in the first season and number of branches/ plant in both seasons. Those two parameters followed the same trend in response to increasing the level of nitrogen on the different sowing dates. So the best results of number of branches per plant were obtained on the second sowing date with plants received 100units N/fed compost plus Azotobacter (13.32 branches per plant) followed by the treatment of 100units N/fed urea (13.09) in the first season on the same sowing date. Similar trend was obtained in the second season. The greatest number of branches was produced with plants received the highest level of compost plus Azotobacter with value 15.23 branches/plant in the first sowing date.
Regarding the effect of interaction between fertilizers and sowing date on herb fresh and dry weights, the results obtained indicate that applying 100units N/fed compost plus Azotobacter to the plants sown on the last sowing date in the first season and on the first sowing date in the second , significantly yielded the heaviest fresh herb (223.00 and 307.73 g/plant respectively) compared to all other treatments.
The same trend was found with the combined treatments on the herb dry weight. The highest herb dry weight was obtained with the plants received 100units N/fed compost plus Azotobacter and sown on the second sowing date (with value Salah et al., (1998) , Wessam (2001) on datura and sweet fennel consecutively, recorded appreciable improvement on branches number as well as fresh and dry weight of vegetative growth due to using N fixer biofertilizer + compost application.
Essential oil Essential oil percentage and yield per plant:
The data presented in Table 5 show that in both seasons, raising the fertilizers level resulted in increasing the essential oil percentage and oil yield per plant than untreated plants.
Among the different fertilizers, applying 100 unit N/fed compost plus Azotobacter was clearly the most effective one for promoting essential oil percentage and oil yield per plant giving the highest mean values (0.019% and 0.041ml/plant in Tables (5-6 ) indicate that the effect of sowing the Sideritis montana seeds on any of the three sowing dates under study had insignificant differences on the oil percentage and yield per plant in the first season and some cases in the second one. The highest oil percentage and yield per plant were obtained from plant sown in 30th September (the first date) with values 0.019% and 0.031 ml/plant in the first season and 0.091% and 0.039 ml/plant in the second season. Bagchi et al., (2003) on Artemisia vulgaris, stated that the different sowing dates had moderate effect on the oil yield.
Regarding the interaction between sowing dates and fertilizers it could be noticed that the obtained results reveal that the interaction had insignificant effect on essential oil percentage and oil yield per plant in both seasons Tables (5-6). 
Essential oil constituents
Data in Table 7 revealed that total identified compounds in Sideritis herb oil amounted 94.74%, more that its half (55.17%) was hydrocarbonic compounds, while the rest (39.57%) was oxygenated compounds.
The identified components amounted to thirty six ones; fifteen compounds were hydrocarbonic, while 21 compounds were oxygenated. The main constituents of Sidritis herb oil were in a descending order: the hydrocarbonic compounds: germacrene-D (22.55%), trans-caryophyllene (12.0) and bicyclogermacrene (5.227) followed by the oxygenated: Veridifloral (4.68%), E-citral (4.47%) and spathulenol (4.05%). Whereas, the lowest components were in an ascending order: the oxygenated: ç-ionone (0.145%); the hydrocarbonic: Trans-farnesene (0.363), à-Guaiene (0.388%) and α -Myrcene (0.48%). th November (third date) against 38.80 and 37.81% at the first and second date of sowing, successively. Sowing dates did not alter the main constituents of the oil; but trans-caryophyllene, à-Copaene, Veridiflorol and platambin favoured the third sowing date. Germacrene and E-Citral compounds were increased under the second date; compared with the other two dates.
Compost treatments raised the percentage of identified compounds to 97.68% of siderites herb oil, compared to the control (91.79%). Such increment was mainly due to an increase in the oxygenated compounds which recorded 42.50% against 36.64% for the control, while the carbonic compounds were nearly the same (55.19 and 55.15% for compost and control, respectively).
Compost did not alter, the main components, but slightly affected their percentage. Compost treatments raised most oxygenated compounds, as well as germacrene-D and à-Cubebene (23.53 and 4.2%) against 21.56 and 3.61% for control).
Such results are in a parallel line with the findings reported by El-Sherbeny et al., (2005) on Sideritis, Naguib (2003) on German chamomile found that compost treatments raised the percentage of the main constituents in the essential oils.
Chemical constituents
Flavonoides percentage
The results recorded in the two seasons in Table 8 show that all applied nitrogen sources, significantly increased the falvonoides percentage compared to the untreated plants. The highest falvonoides percentage occurred when 100 unit N /fed from Urea resulted the values 2.227 and 2.193% in the first and second seasons, respectively.
The combination between compost and Azotobacter had promotion effect on flavonoides percentage compared to using each of them lonely. Also, the promotion effect of the combination significantly increased with increasing of the nitrogen level. These results are in accordance with the findings of Borella et al., (2001) on Baccharis trimera and Barbara (2002) on goldenrod, they found that increasing the nitrogen level, significantly enhanced the biosynthesis of flavonoids. It is clear from the results shown in Table 8 that plants sown at the three sowing dates had closed results of flavonoides percentage in both seasons with one exception in the first season at the second date (30 th October) which produced the lowest flavonoides percentage (1.681 %).
Different combination of nitrogen source and sowing date resulted in a considerable variation in flavonoides percentage. The highest level of nitrogen applied to the plants sown at the second date resulted in the highest flavonoides percentage (2.244%) in the first season. Also in the second season, the second sowing date showed good interaction with the highest level of compost plus Azotobacter giving the highest flavonoides percentage (2.255%).
Carbohydrate percentage
Addition of different nitrogen sources caused significant increase in the carbohydrate content accumulation in plant tissues compared to the untreated plants in the both seasons. There was pronounced increment in total carbohydrates percentage with the increasing of nitrogen level in both seasons with one exception when urea level increased from 50 to 75 units in the first season which resulted insignificantly decrease in total carbohydrate % from 23.62 to 21.29%. The obtained results are in harmony with those obtained by l-Gomaa and Abo-Aly (2001) on Anis. The percentage of total carbohydrate was affected by the sowing date. The highest total carbohydrate accumulation was found in the plant sown at the first sowing date (30 th September) 25.17 and 30.03 % in the first and second seasons, respectively.
Concerning the effect of the interaction between levels of nitrogen source and sowing date, it was noticed that in most cases the high level of different N source with the first sowing date resulted in the highest total carbohydrates percentage in both seasons compared to the other interaction treatments of each nitrogen sources. Among all the interactions, applying the high level of compost plus Azotobacter to the plants sown at 30 th September produced the highest carbohydrate content with value 35.30 and 32.79 % in the first and second seasons, respectively.
Total chlorophyll and carotenoids content
Data presented in Tables (10 and 11) indicated that in both seasons, the mean values recorded increased steadily with raising the nitrogen level. The highest total chlorophyll and carotenoids content (2.628, 1.682 mg/gm in the first season and 2.360, 1.496 mg/gm F.W. in the second season) were obtained from plants fertilized with 100 urea, followed by plants fertilized with 75 urea with mean values 2.184, 1.453 in the first season and 2.191, 1.454 mg/gm F.W. in the second seasons, respectively. These results could be explained by the fact of that nitrogen is essential in the structure of porphyrines, which are found in many metabolically active compounds, including chlorophylls (Devlin, 1975) . The results showed that in both seasons, untreated plants had lower chlorophyll and carotenoids content in their leaves (1.227, 0.917 in the first season and 1.323, 0.920 mg/gm F.W. in the second season), compared to the fertilized plants. The results considered in agreement with the findings of Gomaa and Abo-Aly (2001) and Rashed (2002) .
The obtained results show that the highest total chlorophyll and carotenoids contents (2.038 and 1.416 mg/gm F.W. in the first season and 2.129 and 1.496 mg/gm F.W. in the second season) were obtained as a result of sowing the plants on the third date (30 th November ) in both seasons compared to other sowing dates. On the third sowing date (30 th November) in both seasons the application of urea at the rate of 100 unit N/fed was the most effective interaction on increasing the total chlorophyll (a+b) and carotenoids content giving 3.100, 2.187 mg/gm F.W. in the first season and 2.821, 1.933 mg/gm F.W. in the second season. 
Minerals content
Data in Tables ( [12] [13] [14] indicated that the highest rate of urea (100 N unit) resulted in the highest nitrogen and potassium content in both seasons while the highest phosphours content was obtained from plants treated with compost (75 N unit) plus Azotobacter in the first season and compost (100 N unit ) plus Azotobacter in the second season .
In the first season, sowing the seeds on 30 th November produced plants with the highest Nitrogen, phosphorus and potassium content, in comparison to the other two sowing dates.
In the second season, the obtained results from second and third sowing dates were the same.
Regarding the interaction between sowing dates and N fertilization, plants received 100 N unit of urea at the third sowing date had the highest N and K content compared to the other treatments.
The results are in agreement with the finding of Gomaa and Abo-Aly (2001) and Rashed (2002 
